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Description 

Background of the Invention 

This application claims the benefit of United States s 
Provisional Patent Application, Serial No. 60/049,474, 
entitled PERFUSION BALLOON CATHETER, filed 
June 12, 1997. 

This invention relates generally to an active per- 
fusion balloon catheter, particularly, a catheter having a 10 
magnetically driven impeller to facilitate blood flow. Ac- 
tive perfusion balloon catheters may be used in percu- 
taneous transluminal coronary angioplasty and in other 
medical procedures to maintain blood flow through body 
lumens. is 

The need for active perfusion catheters has be- 
come more desirable with advances in micro-surgery, 
neuro-surgery, interventional neuroradiology, minimally 
invasive coronary arterial bypass procedures, intravas- 
cular radiation for prevention of restonosis after angi- 20 
oplasty and stent in g, and conventional angioplasty pro- 
cedures. 

Various perfusion catheters are known in the art in- 
cluding WO 95/28983; and United States Patent Nos. 
4,581,017; 4,909,252; 4,944,745; 5,092,844; 25 
5,163,910; 5,370,617; 5,405,383; and 5,501,667. Vari- 
ous catheters are disclosed in United States Patent Nos. 
B1 4,762,129; 5,002,531; and 5,232,445. Magnets, 
magnetic coupling forces, and pump systems are dis- 
closed in United States Patent Nos. 4,207,485; 30 
4,382,245; 4,569,641; 4,717,315; 5,248,245; 
5,253,986; 5,609,602; 5,377,816; 5,456,134; 
5,589,721; and 5,501,582. A magnetically coupled im- 
plantable medical device is disclosed in WO 95/29716. 

All documents cited herein, including the foregoing, 35 
are incorporated herein by reference in their entireties 
for all purposes. 

Summary of the Invention 

40 

Accordingly, there is a need for catheters having 
perfusion to maintain blood flow through body lumens 
during medical procedures. The active perfusion cathe- 
ter of the present invention incorporates a magnetically 
driven impeller that advantageously provides blood flow 45 
to coronary arteries temporarily blocked during balloon 
dilatation. The catheter shafts and components are 
made of plastics, polymers, or metals known in the art. 

The catheter has one or more passages for blood 
to reach the opposite side of the treatment area during so 
balloon dilatation. Blood flow may be through an active 
perfusion lumen where aperture holes and a miniature 
impeller having magnetic coupling properties actively 
facilitate fluid movement. Impeller rotation is implement- 
ed by an external magnetic force. The external magnetic 55 
drive system rotates and causes a corresponding rota- 
tion of the impeller disposed in the catheter. The impeller 
may be disposed on a shaft and rotate on bearings to 
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minimize f fictional forces. 

Blood may also flow through a passive perfusion lu- 
men where aperture holes and system pressure allows 
blood to flow through the guidewire lumen to regions 
proximal or distal of the balloon. Passive perfusion may 
occur through a guidewire lumen as blood enters 
through one or more apertures in the wall of the shaft. 
The apertures are located proximal of the balloon, and 
system pressure drives blood longitudinally through ad- 
ditional perfusion openings or apertures. The active and 
passive perfusion systems may be used in combination. 

The external magnetic drive system may be con- 
tained in an enclosure and include an electrical or bat- 
tery power source. The enclosure provides containment 
and protection of the drive system and may be placed 
on the patients body adjacent an area in the body where 
the impeller of the catheter is disposed. 

The drive system includes a magnet or magnetic 
surface which rotates about an axis. The drive system 
may be powered by a motor and include an on-off 
switch, variable speed control, and various control sys- 
tems to measure and monitor the rotation of the mag- 
netic surface and the corresponding blood flow through 
the catheter. Also, controls may measure the strength 
of the magnetic coupling of the magnetic surfaces, and 
the rotational speed of the impeller, the magnetic drive 
system includes magnetic flux properties capable of 
transmitting sufficient magnetic forces to the magnetic 
impeller and for magnetic coupling to occur. 

The impeller may be located in a portion of the cath- 
eter intended to be disposed in the ascending aorta 
which generally allows the catheter to have a larger im- 
peller. Accordingly, the impeller is preferably located 
about six inches (152.4 mm) proximal of the balloon. 

In sum, the invention relates to a perfusion balloon 
catheter including a first shaft having proximal and distal 
portions, a wall, one or more first apertures through the 
wall, a balloon disposed on the shaft distal of the first 
apertures, an inflation lumen in communication with the 
balloon, and a perfusion lumen in communication with 
the first apertures. At least one impeller is disposed in 
the perfusion lumen. The impeller has a predetermined 
shape and one or more magnets disposed thereon. The 
magnets magnetically couple with a magnetic source 
causing rotation of the impeller. Rotation of the impeller 
may convey fluid through the perfusion lumen. The per- 
fusion balloon catheter may further include a second 
shaft disposed in the first shaft, through the impeller, and 
extend distal thereof. The second shaft has proximal 
and distal portions and a wall. The wall has one or more 
apertures in the distal portion of the second shaft, and 
one or more apertures distal of the impeller. A perfusion 
lumen is disposed in the second shaft between the ap- 
ertures and is in communication therewith. The impeller 
may be located distal of the first apertures. The impeller 
may be disposed under a portion of the balloon. The im- 
peller may be made of metal, ceramic, or polymeric ma- 
terial. The impeller may include at least one spiral- 
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shaped groove. The impeller may include one rib, 
thread, or screw. The impeller may operate like an 
archimedes screw. The perfusion balloon catheter may 
further include an external magnetic drive system adapt- 
ed to provide a magnetic field to a vicinity of the magnets 
on the impeller. The external magnetic drive system may 
be powered by a source including a battery, electricity, 
magnetic coupling, or combination thereof. The impeller 
may further include a plurality of magnets disposed ther- 
eon to collectively form a continuous spiral magnet. The 
impeller may include a plurality of magnets disposed 
side-by-side to form a generally continuous magnetic 
thread. Each magnetic thread has an opposite magnetic 
polarity at its outer extremity to its adjacent magnetic 
thread. The impeller rotates by exposing at least one 
magnetic thread to successive magnetic drive magnets 
of the opposite polarity upon rotation of the magnetic 
drive system. Successive magnetic coupling between 
the magnetic threads and the successive magnets on 
the magnetic drive system causes rotation of the impel- 
ler. The perfusion balloon catheter may further include 
an external magnetic drive system including a magnetic 
surface adapted to generate a magnetic field to one or 
more magnets disposed on a component connected to 
the impeller causing a magnetic coupling and rotation 
pi the impeller. 

* ( < The invention also relates to a perfusion catheter 
"system including a catheter having proximal and distal 
ends, one or more lumens, and an elongated impeller 
'having proximal and distal ends disposed in one of the 
" lumens. One or more magnets are disposed on the im- 
peller or a component connected to the impeller. The 
impeller magnetically couples with a magnetic drive sys- 
tem, rotates, and moves fluid through the catheter. The 
catheter is disposed in a body lumen for treatment. The 
magnetic drive system is external to the catheter and 
has one or more magnets that rotate about an axis and 
convey a magnetic field to the one or more magnets dis- 
posed on the impeller. The impeller may move fluid in a 
; predetermined direction when rotated. 

The invention also relates to a method of actively 
perfusing blood through a catheter including inserting a 
shaft into an artery. The shaft has proximal and distal 
portions, a wall, one or more first and second apertures 
in the wall, and at least one perfusion lumen disposed 
therein between the first apertures and the second ap- 
ertures and in communication with the first and second 
apertures. The perfusion lumen has at least one elon- 
gated magnetic member rotatably disposed therein. Ro- 
tating the member using an external magnetic force 
causes the impeller to convey fluid into one of the first 
or second apertures; through the perfusion lumen, and 
out the other of the first or second apertures upon ap- 
plication of a magnetic force. 

The invention also relates to a perfusion catheter 
system including a drive system including an elongated 
shaft having at least one magnetic surface including one 
or more first magnets disposed thereon. The magnetic 



surface adapted to rotate and be disposed on or adja- 
cent a body surface. The catheter is less than about 15 
French in size, has proximal and distal ends, one or 
more lumens longitudinally disposed therein, one or 
5 more supports mounted in the lumen, and an elongated 
impeller having one or more second magnets disposed 
thereon. The drive system is adapted to rotate causing 
successive magnetic coupling between the first mag- 
nets and the second magnets, and rotation of the impel- 
to |er. The first magnets may be magnetically attracted to 
the second magnets of the opposite polarity and mag- 
netically couple. The rotation of the magnetic surface 
may expose the second magnets to different first mag- 
nets of the opposite polarity which are disposed further 
*s along the length of the magnetic surface such that the 
second magnets are magnetically coupled to different 
first magnets as the shaft rotates causing the impeller 
to rotate and fluid to move in the catheter. 

The invention also relates to a method of actively 
20 pe rf using blood through a catheter comprising the steps 
of inserting a shaft into a body lumen. The shaft having 
proximal and distal portions, a wall, one or more frrst 
apertures in the wall, and at least one perfusion lumen 
disposed distal of the first apertures and being in com- 
25 munication therewith. The perfusion lumen has at least 
one impeller disposed rotatably therein. The impeller 
has one or more magnets disposed thereon and is 
adapted to rotate and convey blood through one of the 
first apertures and through the perfusion lumen upon ap- 
30 plication of a magnetic force thereto; applying a mag- 
netic field to the impeller from external the body lumen; 
and causing magnetic coupling and rotation of the im- 
peller using the magnetic field. The method may include 
using an impeller including a plurality of magnets dis- 
posed generally side-by-side to form a generally contin- 
uous magnetic thread. Each magnetic thread has an op- 
posite magnetic polarity at its outer extremity to its ad- 
jacent magnetic thread. The method may further include 
the step of exposing at least one magnetic thread to suc- 
40 cessive magnetic drive magnets of the opposite polarity 
by rotating the magnetic drive so that successive mag- 
netic coupling between the magnetic thread and the 
successive magnetic drive magnets rotates the impeller. 
Still other objects and advantages of the present in- 
4$ vention and methods of construction of the same will be- 
come readily apparent to those skilled in the art from the 
following detailed description, wherein only the pre- 
ferred embodiments are shown and described, simply 
by way of illustration of the best mode contemplated of 
so carrying out the invention. As will be realized, the inven- 
tion is capable of other and different embodiments and 
methods of construction, and its several details are ca- 
pable of modification in various obvious respects, all 
without departing from the invention. Accordingly, the 
ss drawing and description are to be regarded as illustra- 
tive in nature, and not as restrictive. 
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Brief Description of the Drawings 

FIG. 1 illustrates a side view of a perfusion balloon 
catheter; 

FIG. 2 illustrates a side view of another embodiment s 
of the perfusion balloon catheter; 
FIG. 3 illustrates a cross-sectional view of an em- 
bodiment of the catheter; 

FIG. 4 illustrates a cross-sectional view (excluding 
balloon) taken along the line 4-4 of FIG. 2; w 
FIG. 5 illustrates a view of an embodiment of an im- 
peller disposed in a catheter lumen; 
FIG: 6 illustrates a view of an embodiment of an ex- 
ternal magnetic drive system disposed over an im- 
peller in a catheter in a body lumen; 15 
FIGS. 7a-c illustrates views of several embodi- 
ments of magnetic surface patterns of the external 
magnetic drive system of FIG. 6; 
FIG. 8 illustrates a view of an embodiment of an ex- 
ternal magnetic drive system disposed over an im- 20 
peller in a catheter in a body lumen; 
FIG. 9 illustrates a view of an embodiment of an ex- 
ternal magnetic drive system disposed over a cath- 
eter component in a body lumen; and 
FIGS. 10a-b illustrates views of several embodi- 25 
ments of impellers (threads not shown) having mag- 
nets disposed in the substrate in various patterns. 
FIG. 11 illustrates a view of an external magnetic 
drive system superimposed over an impeller dis- 
posed in a catheter (not shown) in a body lumen; 30 
FIG. 1 2 illustrates a side view of the external mag- 
netic drive system having a magnetic surface; 
FIG. 13 illustrates a bottom view of the magnetic 
surface of FIG. 12 having alternating polarity; 
FIG. 14 illustrates a cross-section of an impeller 35 
showing magnetized helical threads with north and 
south polarity disposed in a non-magnetized sub- 
strate or shaft; 

FIG. 15 illustrates a side view of an impeller with 
threads having alternating polarity; 4( > 
FIG. 16 illustrates a rapid exchange embodiment of 
the perfusion catheter; 

FIG. 17 illustrates a cross-sectional view of the 
catheter of FIG. 16 showing a balloon inflation lu- 
men, rapid exchange lumen, and active perfusion 45 
lumen; 

FIG. 18 illustrates a coaxial to bilumen embodiment 
of the perfusion catheter having lumens, aperture, 
impeller, balloon, and guidewire; and 
FIG. 19 illustrates a cross-sectional view of the so 
catheter of FIG. 18 illustrating a contrast lumen, 
guidewire lumen and perfusion lumen. 

Detailed Description of the Invention 

The perfusion balloon catheter 10 may include rap- 
id-exchange, over-the wire, or fixed wire embodiments. 
Reference is made to FIGS. 1 and 2 which illustrate the 



distal portion of two embodiments of the perfusion bal- 
loon catheter 10 having active perfusion, passive per- 
fusion, or combinations of both characteristics. Various 
sizes and embodiments of the catheter 10 in about the 
3 French to 34 French range are envisioned. The impel- 
ler 30 may be located proximal of the balloon 20 which 
would allow a relatively larger diameter impeller 30 dis- 
posed in the catheter 10. 

FIG. 1 illustrates the dista! portion of a catheter 10 
having an outside shaft 12 and an inside shaft 14. Se- 
cured between the outside shaft 12 and the inside shaft 
14 may be a flow block 16 to prevent blood flow to the 
proximal portion of the catheter 10. One or more proxi- 
mal apertures 1 8 are located proximal of the impeller 30 
and extend through the wall 19 of the outside shaft 12 
to allow blood to flow to the active perfusion lumen 24 
and through the impeller 30. The impeller 30 Is disposed 
on bearings 33 and rotates when successive magnetic 
or electromagnetic forces are applied and after succes- 
sive magnetic coupling occurs. Successive magnetic 
coupling provides sufficient torque to rotate the impeller 
30 at a desired speed to move the blood through the 
catheter 10. For example, as the impeller 30 is rotated, 
blood may be forced distally through the impeller 30 to 
a distal perfusion opening 26 or a distal aperture 18 (not 
shown) located distal of the balloon 20. An inflation lu- 
men 22 is disposed in the catheter 10 which communi- 
cates with the balloon 20. The inflation lumen 22 may 
run through the shaft of the impeller 30, or the inflation 
lumen 22 may be a dedicated lumen extruded in the 
catheter 10. A tip 28 may be connected to one of the 
shafts 12, 14 at the distal end of the catheter 10. 

FIG. 2 illustrates an over-the-wire embodiment of 
the catheter 10 including an outside shaft 12 and an in- 
side shaft 14. An inflation lumen 22 is disposed in the 
catheter 10 and communicates with the balloon 20. Se- 
cured between the outside shaft 12 and the inside shaft 
14 may be a flow block 16 (not shown). One or more 
proximal apertures 18 are located proximal of an impel- 
ler 30 and extend through the wall 19 and allow blood 
to flow into the active perfusion lumen 24 and into the 
impeller 30 or into the guide lumen 23. When successive 
magnetic forces are applied to the impeller 30, rotation 
occurs, and blood or fluid is moved through passages 
and the catheter 10. Apertures 21 are provided through 
the wall of the inside shaft 14 into the guide lumen 23. 
A tube 15 made of a material such as Nitinol, having an 
inside diameter dimension of about .013 inches (.33 
mm) and an outside diameter of about .016 inches (.41 
mm) may extend distally from the distal end of the inside 
shaft 14 for a length of about .500 inches (12.7 mm). 
The impeller 30 may be disposed on the tube 15 and 
bearings 33. Preferably, frictional forces are minimal be- 
tween the impeller 30 and bearings 33, and the impeller 
30 and the catheter shaft 12. The impeller 30 has 
threads which force fluid in a predetermined direction 
upon rotation. The size and pitch of the threads provide 
a predetermined flow at a certain rotational speed. 
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FIG. 3 illustrates a cross-sectional view of an em- 
bodiment of a trilumen catheter 1 0. In one embodiment, 
radius R1 is about .011 inches (.28 mm), radius R2 is 
about .020 inches (5.1 mm); diameter D1 is about .016 
inches (.41 mm); and diameter D2 is about .047 inches 
(1.19 mm). 

FIG. 4 illustrates a cross-sectional view of a trilumen 
catheter 10a taken along line 4-4 in FIG. 2. In one em- 
bodiment diameter D3 is about .031 inches (.79 mm), 
and diameter D4 is about .037 inches (.94 mm). 

FIG. 5 illustrates an embodiment of an impeller 30 
having a helical design which is disposed in the per- 
fusion lumen 24 of the catheter 1 0. The impeller 30 may 
be an archimedes screw design with spiral threads or 
screw shapes. The impeller 30 may include a tube bent 
spirally around an axis or include a broadthread. The 
impeller 30 may be made of metal, ceramic, or polymeric 
materials and be machined or molded to a desired 
shape. The impeller 30 is preferably made of a flexible 
polymeric material adapted for tortuous passage 
through arteries. The shaft 14 or tube 15 may have pro- 
trusions (not shown) which allow rotation, but prevent 
substantial longitudinal displacement of the impeller 30. 
The impeller 30 may also have adjustments (not shown) 
to prevent rotation in a certain direction. 

Reference is made to FIG. 6 showing an embodi- 
ment of an external magnetic drive system 50 which in- 
cludes a power source (not shown) and a magnetic sur- 
face 42 having magnets 44 disposed therein in prede- 
termined patterns. The magnetic drive system 50 is 
shown disposed over an embodiment of the impeller 30 
in a catheter 10, in a body lumen, under a body surface 
47/ Various patterns and sizes of magnetic polarity are 
incorporated on or in the magnetic surface 42 for mag- 
netic coupling. Certain patterns and sizes such as 
shown in FIGS. 7a-7c may assist with the alignment of 
the lead angle of the magnetic surface 42 to the lead 
angle of the magnets 46. As shown in FIGS. 8 and 9, 
the magnetic surface 42 magnetically couples with mag- 
nets 46 disposed on the component 31 which is rotata- 
bly connected to the impeller 30. The impeller 30 may 
be mounted on a metal support shaft 15 or on shaft 14. 
Supports 35 may be used to support portions of the im- 
peller 30. 

In operation, the magnetic surface 42 is activated 
and rotated in a linear or rotational motion on a patients 
body in the vicinity of the impeller 30 and the magnetic 
forces are used to provide rotational motion of the im- 
peller 30. Rotation of the magnetic surface 42 creates 
a magnetic field which causes magnets 46 in the cath- 
eter 10 to attempt to orient with the magnets 44, 54 of 
the magnetic surface 42. The successive attempts of the 
magnets 46 to orient with magnets 44, 64 causes the 
impeller 30 to rotate. The magnets 44 54 are of sufficient 
magnetic strength or flux to cause the impeller 30 to ro- 
tate. When the magnetic surface 42 is deactivated or 
removed from the patient's body, the successive mag- 
netic couplings no longer occur, and rotation of the im- 



peller 30 stops. Accordingly, fluid may be drawn through 
the various apertures into the perfusion lumen 24 and 
out the other apertures. The magnetic surface 42 is pref- 
erably rotated in a plane parallel to the longitudinal axis 

£ of the impeller 30. 

FIGS. 1 0a-b illustrate several embodiments of mag- 
nets 46 disposed in various patterns on or in the sub- 
strate of an impeller 30 (threads or appendages not 
shown on impeller). The magnets 46 may be disposed 

10 on or in the impeller 30 in a spiral pattern haying a con- 
stant lead angle over the length of the impeller 30. The 
magnets 46 may be disposed in parallel rows or in a 
staggered pattern. Magnets 44 may be disposed in the 
magnetic surface 42 in a pattern duplicative of the lead 

is angle of the magnets 46 in the impeller 30. The magnets 
46 may be spaced apart or in strips. Additional patterns 
are envisioned. 

FIG. 11 illustrates a magnetic surface 42 superim- 
posed over an impeller 30 which is disposed in a cath- 

20 eter (not shown) in a body vessel. The back of the mag- 
netic surface 42 has opposite polarity. The magnetic 
surface 42 shown is made of 4 quadrants of magnetic 
material. The face of the magnetic surface 42 oriented 
toward the impeller is made of wedges that alternate 

25 north and south in polarity. The preferred axis of the 
magnetic surface 42 shown is about 90 degrees to the 
axis of the impeller 30. The impeller 30 may be quar- 
tered into alternating north and south polarities which 
run along the longitudinal axis of the impeller 30. The 

30 substrate of the impeller 30 may be magnetized and the 
threads may not be magnetized. When the magnetic 
surface 42 rotates, the external north magnet engages 
the internal south magnet, and the external south mag- 
net engages the internal north magnet resulting in rota- 

35 tion of the impeller 30. 

FIG. 12 illustrates a side view of an embodiment of 
a magnetic drive system 50 magnetic surface 42 having 
alternating north and south magnets embedded in the 
bottom surface. 

40 FIG. 13 illustrates a bottom view of the magnetic 
surface 42 of FIG. 12 showing the alternating north and 
south polarized magnets. 

FIG. 14 illustrates a cross-sectional view of an end 
of the impeller 30 having two magnetic threads which 

45 are helically disposed about a non-magnetized sub- 
strate or shaft. The substrate is not magnetized and the 
threads are magnetized. Continuous threads of magnet- 
ized material (north or south) extend from the substrate. 
One thread is magnetized north and the other thread is 

50 magnetized south. The external north magnet of a mag- 
netic surface 42 magnetically couples with the internal 
south magnets of the impeller 30 and the external south 
magnet magnetically couples with the internal north 
magnet. 

55 FIG. 1 5 shows a side view of an impeller 30 having 
threads with alternating polarity. 

FIG. 16 illustrates a rapid exchange embodiment of 
the perfusion catheter 10 having trilumens, apertures, 
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impeller, balloon, and guidewire. 

FIG. 1 7 illustrates a cross-section of the catheter 10 
of FIG. 16 showing a balloon inflation lumen, rapid ex- 
change lumen, and active perfusion lumen. 

FIG. 1 8 illustrates a coaxial to bilumen embodiment 
of the perfusion catheter 10 having lumens, apertures, 
impeller, balloon, and guidewire. Ports for contrast used 
to inflate the balloon are located on the other side from 
the segment for the guidewire. The contrast lumen is 
plugged at the distal portion of the catheter 10. 

FIG. 1 9 illustrates a cross-section of the catheter 1 0 
of FIG. 18 showing a contrast lumen, guidewire lumen 
and perfusion lumen. 

It will be evident from considerations of the forego- 
ing that the perfusion balloon catheter is now available, 
and may be constructed using a number of methods and 
materials, in a wide variety of sizes and styles for the 
greater efficiency and convenience of a user. 

The above described embodiments of the invention 
are merely descriptive of its principles and are not to be 
considered limiting. Further modifications of the inven- 
tion herein disclosed will occur to those skilled in the 
respective arts and all such modifications are deemed 
to be within the scope of the invention as defined by the 
following claims. 

Claims 

1. A perfusion balloon catheter comprising: 

' a first shaft (1 2) having proximal and distal por- 
tions, a wall (19), one or more first apertures 
(18) through the wall, a balloon (20) disposed 
on the shaft (12) distal ofthe first apertures (1 8), 
I an inflation lumen (22) in communication with 

r the balloon (20), and a perfusion lumen (24) in 

communication with the first apertures (18); 
and 

at least one impeller (30) disposed in the per- 
fusion lumen (24), the impeller (30) having a 
predetermined shape and one or more mag- 
nets (46) disposed thereon, the magnets (46) 
adapted to magnetically couple with a magnetic 
source (50) causing rotation of the impeller 
(30). 

2. The perfusion balloon catheter of claim 1 wherein 
rotation of the impeller (30) conveys fluid through 
the perfusion lumen (24). 

i 

\ 3. The perfusion balloon catheter of claim 1 further 
comprising a second shaft (14) disposed in the first 
shaft (12), through the impeller (20), and extending 
distal thereof, the second shaft (1 4) having proximal 
and distal portions and a wall, the wall having one 
or more apertures (21 ) in the distal portion of the 
second shaft (14), and one or more apertures distal 



of the impeller (30), a perfusion lumen (24) dis- 
posed in the second shaft (14) between the aper- 
tures and being in communication therewith. 

$ 4. The perfusion catheter system of claim 1 wherein 
the impeller (30) includes at least one spiral-shaped 
groove. 

5. The perfusion balloon catheter of claim 1 wherein 
10 the impeller (30) includes at least one rib, thread, 

or screw. 

6. The perfusion balloon catheter of claim 1 wherein 
the impeller (30) is adapted to operate like an 

is archimedes screw. 

7. The perfusion balloon catheter of claim 1 further 
comprising an external magnetic drive system (50) 
adapted to provide a magnetic field to a vicinity of 

20 the magnets (46) on the impeller (30). 

8. The perfusion balloon catheter of claim 1 wherein 
the impeller (30) includes a plurality of magnets (46) 
disposed side-by-side to form a generally continu- 
es ous magnetic thread, each magnetic thread having 

an opposite magnetic polarity at its outer extremity 
to its adjacent magnetic thread, the impeller (30) 
adapted to rotate by exposing at least one magnetic 
thread (46) to successive magnetic drive magnets 
30 (44,54) of the opposite polarity upon rotation of the 
magnetic drive (50) wherein successive magnetic 
coupling between the magnetic thread (46) and the 
successive magnetic drive magnets (44,54) rotates 
the impeller (30). 

35 

9. A method of actively perfusing blood through a cath- 
eter comprising: 

inserting a shaft (12) into an artery, the shaft 
40 (1 2) having proximal and distal portions, a wall 

(1 9), one or more first and second apertures in 
the wall (1 9), and at least one perfusion lumen 
(24) disposed therein between the first aper- 
tures (18) and the second apertures and being 
45 in communication therewith; the perfusion lu- 

men (24) having at least one elongated mag- 
netic member (46) rotatably disposed therein; 
and 

rotating the member (46) using an external 
so magnetic force, the impeller (30) adapted to 

convey fluid into one of the first or second ap- 
ertures, through the perfusion lumen (24), and 
out the other of the first or second apertures up- 
on application of a magnetic force thereto. 

55 

10. A perfusion catheter system comprising: 

a drive system (50) comprising an elongated 
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shaft having at least one magnetic surface (42) 
comprising a plurality of first magnets (44,54) 
disposed thereon, the magnetic surface (42) 
adapted to rotate and be disposed on or adja- 
cent a body surface; s 
a catheter less than 15 French in size having 
proximal and distal ends, one or more lumens 
longitudinally disposed therein, one or more 
supports (35) mounted in the lumen, and an 
elongated impeller (30) having one or more io 
second magnets (48) disposed thereon; 
the drive system (50) adapted to rotate causing 
successive magnetic coupling between the first 
magnets (44,54) and the second magnets (46) 
and rotation of the impeller (30). 15 

11. The perfusion catheter system of claim 10 wherein 
the first magnets (44,54) are magnetically attracted 
to the second magnets (46) of the opposite polarity 
and magnetically couple, the rotation of the mag- 20 
netic surface (42) exposing the second magnets 
(46) to different first magnets (44,54) of the opposite 
polarity which are disposed further along the length 
/of the magnetic surface (42), such that the second 
magnets (46) are magnetically coupled to different & 
first magnets (44,54) as the shaft rotates causing 
the impeller (30) to rotate and fluid to move in the 
catheter. 
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